immediate effect of head X -irradiation on the hypo thalamic-pituitary-adrenal and -gonadal systems was investigated in adult male dogs. Under pentobarbital anesthesia , the animals were given 200-1 ,000 R of X-irradiation to their heads. During a period of 125minutes after ex posure, adrenal and testicular venous blood samples were collected intermittently, and were analyzed for 17-hydroxycorticosteroids and 17-oxosteroids , respectively. Af ter X-irradiation of 200 R, there was a subtle decrease in the secretory activity of the adrenal cortex, but it returned to pre-radiation levels by 30minutes . Exposure to doses of 500 R was accompanied by a rapid and temporary stimula tion of the adrenal cortex and its effect lasted for approximately 60-90 minutes . At doses of 1,000 R, there was an initial decrease in adrenocortical secretion followed by an appreciable increase within approximately 30-60minutes after irradiation.
produce a notable increase in the secretory activity of the testis. It is thus suggested that exposure of the head to 500-1,000 R of X-rays can elicit a rapid and temporary activation of the hypothalamic-pituitary-adrenal axis during the immediate period after irradiation but it does not exhibit any activity in the hypothalamic-pituitary-gonadal axis. head X-irradiation; adrenal 17-hydroxycorticosteroid secretion; testicular 17-oxosteroid secretion; hypo thalamic-pituitary-adrenal axis; hypothalamic-pituitary-gonadal axis; dog
There are reports which indicate that the activities of adrenocorticotrophin and gonadotrophins in the pituitary are altered after irradiation. Mateyko and Edelmann (1954) reported that exposure of the total body to doses of 1,000R resulted in a significant rise in the adrenocorticotrophin activity of the pituitary and a depletion in gonadotrophin activity after irradiation. However, the results of Binhammer and Crocker (1963) , who experimented on the discharge of adrenocorticotrophin, appeared to be contradictory. Furthermore, according to Mateyko and Edelmann (1954) , localized irradiation to the pituitary alone produced rapid increases in the adrenocorticotrophin activity of the pituitary, but it caused substantial decreases in the gonadotrophin levels.
During the last fifteen years, the important role of the hypothalamus in control of hormone release by the pituitary has been judged from a number of studies of endocrine functions of the pituitary. Additionally, since other regions of the brain, such as the limbic system and reticular formation, are also known to be involved in regulating the discharge of pituitary hormones, it seemed desirable to ascertain an immediate effect of head X-irradiation on the release of adreno corticotrophin and gonadotrophin from the pituitary.
METHODS
Experiments were performed on adult male dogs ranging in weight from 9.5 to 16.5kg of body weight. Dogs were anesthetized with an intravenous administration of 25mg/kg sodium pentobarbital. For collecting adrenal and spermatic venous blood, the lumbar route methods of Satake et al. (1927) and Yamashita (1965 Yamashita ( , 1966 were modified. In each animal, the left lumboadrenal and spermatic veins were exposed through a longitudinal incision in the left lumbar area, and then accessory branches of these vessels were ligated and sectioned. In addition, a silk ligature was passed loosely around the vein which connects the adrenal gland to the inferior vena cava. The animal was allowed to recover during a period of approximately 18 hrs. Then, they were again re-anesthetized with sodium pentobarbital. After a systemic administration of heparin, the lumboadrenal and spermatic veins were connected each other with a T-shaped glass cannula fitted with a ruber tube, so that the blood could flow from the testis to the lumboadrenal vein during periods when the blood was not being collected. By pulling the ligature around the adrenal vein and clamping the spermatic vein, the total venous blood of the left adrenal gland was obtained. At the end of the collection period, the ligature was released and the clamp on the spermatic vein was removed. The venous effluent from the left testis was also collected by clamping the lumboadrenal vein. Approximately 2 to 3 hrs after the cannulation, control samples of adrenal and spermatic venous blood were collected. The animal was then placed on a table designed so that the center of head would be within a vertically oriented X-ray beam generated by an X-ray machine operated at 200 kV, with a setting of 20mA, a filter of 0.5mm Cu and 0.5mm Al, and a distance of 30cm from X-ray tube to the center of head. The radiation was directed with doses of 200-1,000 R to the pituitary by the passage of the beam through the center of head. Then, adrenal venous blood was sampled at 15, 30, 60, 90 and 120min after exposure and also spermatic venous blood was collected at 20, 35, 65, 95 and 125min. In some cases, blood sampling was begun approximately 60min after the end of the lumbar route preparation.
Anzlysis of blood samples
The blood was chilled immediately and centrifuged under refrigeration. One ml of the plasma from adrenal venous blood was analyzed for 17-hydroxycorticosteroids (17-OHCS) by the method of Porter and Silber (1950) , and also 3ml of the plasma from spermatic venous blood for 17-oxosteroids (17-OS) by a slightly modified Gardner's method (1953) .
RESULTS

The effect of head X-irradiation on adrenal 17-hydroxycorticosteroid (17-OHCS) secretion
The experiments were performed to ascertain whether or not X-irradiation of the head is accompanied by adrenocortical stimulation . In the animals, the collection of control blood samples was begun approximately 18 hrs after the end of the lumbar operation. The secretory rates of adrenal 17-hydroxycorticosteroids (17-OHCS) in fourteen dogs during 120min after localized X-irradiation to the head are given in Table 1 . In these dogs there were no appreciable changes in They concluded therefore that total-body X-irradiation is a stressor which activates the pituitary-adrenal system just as any other stressor. In contrast, these findings are definitely contradictory to the observations made by Mateyko and Edelmann (1954) who irradiated the pituitary alone. They observed that a significant rise in ACTH activity of the pituitary occurred at 1 hr and it persisted at least by 24 hrs, which indicates an inhibition of the pituitary output of ACTH soon after irradia tion. From this, the pituitary itself, as one of the mechanism of action, seems to be highly responsive to lower doses of X-rays and to produce immediate cessation of endocrine functions. However, in the present study, head X-irradiation in doses of 500-1,000 R caused adrenocortical stimulation. This response appears to be due to a release of pituitary ACTH. In opposition to the early concept that the central nervous system is highly radioresistant, Arnold et al. (1954) noted that the central nervous system is actually responsive to lower doses of X-rays. Concerning the effect of irradiation on electrical brain activity, Monnier and Krupp (1962) observed that in the rabbit gamma irradiation of the head with doses of 400-600 R was followed by activated EEG with desynchronization in the neocortex, activation of the reticular ascending system and activation of the archicortex with precritical discharge of spike potentials in the hippocampus, whereas doses of 900 R showed high voltage slow wave syndrome, and noted that observations on higher doses agree to those of Ross et al. (1954) on X-irradiation of the monkey head with 1,500 R. And also the results on lower doses relatively coincided with those of total-body irradiation with 400 R in the cat (Gangloff and Haley 1959) . These observations show that the electrical activities of the central nervous system may be stimulated by doses of 400-600R, but suppressed by 900 R or more. In the present study, at doses of 500 R a subtle increase in the secretory activity of the adrenal cortex occurred, whereas after doses of 1,000 R it was observed with a marked initial decrease in the secretion. These patterns of adrenocortical response during the post-irradiation period appear to be remarkably correlated to character istic EEG patterns during the immediate period after radiation.
As to the discharge of pituitary gonadotrophin after irradiation, previous investigators reported that a depletion of pituitary gonadotrophin activity occurs after irradiation in rabbit (Lane et al. 1954 ) and rats (Mateyko and Edelmann 1954) . Witschi et al. (1932) have also previously demonstrated an increase in the level of circulating gonadotrophins in rats. However, Binhammer and Herman (1963) , and Eillis and Berliner (1964) have observed a diminished ability of the pituitary to secrete gonadotrophins after irradiation. In the present study, head X-irradiation with doses of 200-1,000 R was accompanied by no appreciable increase in testicular secretory activity as evidenced by little or no steroid secretory levels after exposure. From these results, it may be deduced that the gonadal activating system in the central nervous system is not stimulated by exposure of the head to lower doses of X-rays.
